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[SUBJECT] 

It is related with electro-optical apparatus, such 
as a liquid crystal display, especially the 
electro-optical apparatus which has a reflection 
layer in one substrate of a liquid-crystal cell. 
An electro-optical apparatus which has good 
reflecting ability and is easy moreover for 
manufacture, and its manufacturing method, 
are provided. 

[SOLUTION] 

With the electro-optical apparatus by this 
invention, in the electro-optical apparatus which 
has a reflection layer in the surface of the 
liquid-crystal layer side of one substrate of the 
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liquid-crystal cell which clamps a liquid-crystal 
layer between a pair of opposing substrates, it 
has a minute unevenness on the liquid-crystal 
layer side of a substrate which has said 
reflection layer, and has a metal film as said 
reflection layer on the concavity-convexity 
surface. 

It is characterized by the above-mentioned. 
Moreover, with the manufacturing method of the 
electro-optical apparatus by this invention, after 
forming a minute unevenness to the surface of 
the liquid-crystal layer side of the substrate 
which forms a reflection layer and carrying out 
the repair process of the concavity-convexity 
surface as required, the metal film as said 
reflection layer is formed to the concavity- 
convexity surface. 

It is characterized by the above-mentioned. 



I— 




[CLAIMS] 



Warn i ] 

:iti.'.]-r- r, - ^oxmm i-&&ks 
x, uimm^^-r^^'k-'' 



[CLAIM 1] 

A electro-optical apparatus, in which in the 
electro-optical apparatus which has a reflection 
layer on the surface of the liquid-crystal layer 
side of one substrate of the liquid-crystal cell 
which clamps a liquid-crystal layer between a 
pair of opposing substrates, it has a minute 
unevenness in the liquid-crystal layer side of a 
substrate which has said reflection layer, and 
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L"C'^» fclMM*: -W^S - t has a metal film as said reflection layer on the 

(k \l "I " -5 ft 5v it '?ix concavity-convexity surface. 

[^vMi2] [CLAIM 2] 

fffJnLl - ■ < ; h/i |^|^l7 i "i iy>4' ; h The electro-optical apparatus of Claim 1 whose 

{M$\M'<- fri'^'fUiK 1 substrate of the side which has a reflection layer 

-wV-/ JiT-t^ /I 'v.t-tHi.t it- i-p at least among said a pair of substrates is a 

^ , „ g ass substrate or a synthetic-resin substrate. 

[riWfi:*] [CLAIM 3] 

ilfj,^— ^j-,; ! |i^it:' i., 'i '/^ ; t The substrate of the side which has a reflection 

hfl%\M ? ZW'^WUi. Iayer at least amon 9 said a pair of substrates 

-// :< ( - Yit^B'' ^ ff "t" o '" ias an or 9 anic on a 9' ass substrate. 

, , , ~ r 3 ~ . The electro-optical apparatus of Claim 1 which 

° - 'J j h as said unevenness in the surface of the 

f»V.>--' t>/>&\ t h i\m\% iiq U id-crystal layer side of an organic film at 

mU^i^m'r-Mm\ n \£ti' least among the glass substrate and organic 

"t* o tf&Hi 1 film. 
IK 

mm{4] [CLAIM 4] 

riiJrid^'»/x#tii-arff'"t".5'(HiJ<.'i The substrate of the side which has said 

it ii > im^W^\m''-'^^ {}-^ reflect 'on layer has an electrode on the surface 

s i- <r>x-h *) * f> >m I of a lic i uid - cr y stal laver side - 

, _, , \ ;„•,;;:, ,,„,., The electro-optical apparatus of Claim 1 , 2 or 3 

. \_ iimiu'.3 w hich has said unevenness on the surface of 

m^M^wi^m^^nr^m tne liquid-crystal layer side of an electrode at 

.R-H'l l > - ttiii 3 riilifikv '4£:'<1 least among the substrate and electrode. 

[nrWI'5] [CLAIM 5] 

f|fliiL!l! | ]i n io'" 1 1' ■■' -T- ( - 1 f-^j— -.:\tb Said concavity-convexity pitch is un-uniform. 

n -r- iiJij t° ••/ -7- ( i 8 0 /; m The electro-optical apparatus of Claim 1 , 2 or 3 

i it.- "nn ii nr. ■ * ;+ •) rix whose average pitch is 80 micrometer or less 

„ , . , , and whose concavity-convexity height is 2 

V.fr © nhvlall 1 , 12 * Ji .1 3d micrometer or less. 

[srWfltf] [CLAIM 6] 

nf)ti'd .j"Mll'^)|] i |J^(t 5 // m)'i,T The electro-optical apparatus of Claim 1 whose 

XfrZifrm 1 fdHc it'? film thickness of said metal film are 5 

; i i- .v. micrometer or less. 

n i' i.c 

Wumi) [CLAIM 7] 

The electro-optical apparatus in any one of 
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Wa^kMf&liM.M^ffiM'bpfl # Claim 1-6 with which said metal film serves as 

il 1 - 6 </>i ^iifr;iiiZtii<ry& an electrode. 

imms) [CLAIMS] 

m^ifKmM^^^^ " 7 }&*hh'.£ A electro-optical apparatus in any one of Claim 

fzliU i:\HPfii fa Lf* ^"^" T " ? in which saicl liquid-crystal layer is a 

■Z m " t 'l ■' U' 7 ,; ' J nematic liquid crystal, the nematic liquid crystal 

HHn n " " ' twisted and orientated, or a cholesteric liquid 

crystal. 



[■B»*«9l [CLAIM 9] 

fjij tE^iiEj/l/ii I'fefli^f^r^Jll A electro-optical apparatus of Claim 8, in which 

L f~ l ^ ^^'o'l'-K' 1 ^ 8 tlie dichromatic dye was added to said liquid- 

m^%mm^* crystal layer. 

[■^Mi o] [CLAIM 10] 

i1ijrl'Sif^H^/i//\ ICS -/^y-fft^Hf^f 1 A electro-optical apparatus of Claim 8 or 9, in 

{^i&mfc ViiHTlf^^Lf: which into the polymeric supporter, the liquid 

^ u u ^~£^ v Jit8 crystal dispersed and said liquid-crystal layer 



was formed. 



[JWWIil 1 1 [CLAIM 11] 

mm&m^n^mmi^l^K Said liquid-crystal layer generates light 

f-rtfL I i~ l > > i~ 6 scattering by electric-field control. 

■i-^'L-.v? 7 n i~i i n-7mi r Claim 1-7, the electro-optical apparatus in any 

, ..v/- ,. - yt ..y. one of 10 which are characterized by the 

^^y^±'^U 0 above-mentioned. 

[sWfil 2] [CLAIM 12] 

<tl»]"t"o— :<K> ■lE^ffiJiif'f^^ii A manufacturing method of the electro-optical 

*^Jef-. 4 f L X^^iitm "tvu^»- --fy apparatus, in which in manufacturing the 

^M#i«^^ electro-optical apparatus which formed the 

iv^ir-'in * -^- v ^tr'¥' - reflection layer to the surface of the liquid- 

)U r L it r^:<v;t'T^<i^^^ crys t a | layer side of one substrate of the liquid- 

yh iyol^--\tz , tnilfXW^ i: crystal cell which clamps a liquid-crystal layer 

fl'>li$1' Z> K^^f^ffiiHiW^Mfiii- between a pair of opposing substrates, after 

^n-IB^PfIi n ] ikW'fJi L % ^"Jscl-J^ forming a minute unevenness to the surface of 

lST^^'Mt r b i<S] rWifi^^lI L the liquid-crystal layer side of the substrate 

ti'ik, J c ,/) l u .'[ n ]i>ifii:i kud^l which forms said reflection layer and carrying 

ii h Lt^^iS^r^hScto: out the re P air P roce $ s of the concavity- 

u i^^-m u ^ -a^- * A^-u-i r, convexity surface as required, the metal film as 

, said reflection layer is formed to the concavity- 

'JxM.fjttZo convexity surface. 
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m^mi 3] [CLAIM 13] 

mfi ■ ^t^c.o n h's^i \ A nianufacturing method of the electro-optical 

tjfxM^ r #i~o#UO apparatus of Claim 12, in which the substrate of 

^- : uem^^ the side which has a reflection la y er at least 

, T , ,* amonq said a pair of substrates is a qlass 

, . * - ' ,„ , ~ substrate or a synthetic-resin substrate. 

■.^^^)fe:^ISi/>ffiMW'Jt/) ift] i : Said U nevenness is formed to the surface of the 

h « J «/~> [in t n i ^t^ — — > 7 - liquid-crystal layer side of the glass substrate or 

t M tf^'t'o 1 h r^fft ir t-5 a synthetic-resin substrate by honing process. 

ifcfVii l 2 ■icii&v Wt^I 

[r^R*I 1 4 ] [CLAIM 14] 

hij^— fct^J^in ^ h A manufacturing method of the electro-optical 

hJxfyfM^ Yr^~'MH | K ) M^ii apparatus of Claim 12, in which the substrate of 
+tU -? ir-tr t /-■/ -^HA--i ^e side which has a reflection layer at least 

» > . _ T . ... tr ,r- r among said a pair of substrates has an organic 

n " , . ; * film on a glass substrate. 

if^MH/Wffi^ifn!i fi^!i^^:WL After f orm i ng an organic film to the surface of 

/ifiL ^^>Yrfft)I^^'»if4fHHid#J^ the liquid-crystal layer side of the glass 

ifdi-nlfncl^'PniiVir^— — > ' - //; ^ substrate, said unevenness is formed to the 

3-6(31 ,t M ;if:Vj£i~o I t rWtftt surface of the liquid-crystal layer side of the 

+ Si»4Wl 1 2 Wk^'&^j- organic film by honing process. 

\mmk \ 5] [CLAIM 15] 

Ijfj-^ — <t'/:).J i U+'/it7 r .» o V>A^\ t A manufacturing method of the electro-optical 

i>fc§fM ^ fr"^ #K' "» f itf^(± apparatus of Claim 12, in which the substrate of 
Jtk'-i u-n- ( /■ -+i*m + the side which has a reflection layer at least 

. ^ _ . . t - T . Jf - , tru- among said a pair of substrates has an organic 

r v ^/ film on a glass substrate. 

tUiTuiVii^ An organic film is formed to the surface of the 

— — y '/ >/ ^fl!!i.i *) W>f& I tz liquid-crystal layer side of the glass substrate 

-r ^ "V ^ ^Mv-^lml^M after forming said unevenness to the surface of 

c/~)[ft]M i]'fM^:^)f^^<j I 1 & the liquid-crystal layer side of the glass 

M > 1~ o ifcMi l 2 v| substrate by honing process. 

[isS ^1 6] [CLAIM 16] 

nu nil fill fi^'^M I: L-"C"'/"' r £ A nianufacturing method of the electro-optical 

^l^/i!-±'cr)^)ju ^'^/vWl^ apparatus of Claim 12, in which the etching 

ffc-Wtf ft " -'^-v 1 P roces s of said concavity-convexity surface is 

m ,~ . ^ r nn n i r ^ 1^ ■ " lightly carried out using the etchant which 

V ' !; : f ; L V'^ - ?J 5^ "u corrodes the base material of a glass substrate 

^- > .i&M ro - ^&¥ftet or a synthetic-resin substrate itself as said 
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■f 5 m&Hi 1 2 fdftV.''€<<l '/t'? repair process. 



^ iCbjifi? 2r*"'f t r an i 1 'i o > * * 



[CLAIM 17] 

A manufacturing method of the electro-optical 
apparatus of Claim 12, in which said concavity- 
convexity convex part is ground as said repair 
process, and concavity-convexity height is 
adjusted. 



[Wi'i l 8 ] 

It-Mi Jtt'E/AUBSti: ! - X *> fk 



[CLAIM 18] 

A manufacturing method of the electro-optical 
apparatus of Claim 12, in which said metal film 
is formed a film by the vacuum forming 
methods, such as a spatter or vapor deposition. 



UiivkA'i 1 9] 

li, 2 0 o - 4 5 O'CX'MlfrM 

1 8 ridlkV> vr^.-fc'T^ itf ✓ >$i& 
h-<h. 



[CLAIM 19] 

A manufacturing method of the electro-optical 
apparatus of Claim 18, in which after said metal 
film is formed a film, it is heat-processed at 
200-450 degrees-Celsius. 



[isM;q'i2 0] 

\Z It / 'J? 5£ ' <■ - (/"> YdWA: ft 
L % mi^'/'^*ffl^|ini n irir:';)^L. 
■^.SW.l-.iw. hridM^if : -)^ L/i 
is :imT) ,id<.' • £ Z, l 



[CLAIM 20] 

A manufacturing method of the electro-optical 
apparatus of Claim 12, in which the substrate of 
the side which forms said metal film has the 
electrode of a predetermined pattern, after 
forming said electrode on the substrate which 
formed said minute roughness, said metal film 
is formed. 



Uit;k;i'i2 1 ] 

if* 4*48 l 2 

t"M.>7 fc- 



EC LAIM 21] 

A manufacturing method of the electro-optical 
apparatus of Claim 12, in which the substrate of 
the side which forms said metal film has the 
electrode of a predetermined pattern, after 
forming said minute roughness to the surface of 
said electrode formed on the flat substrate, said 
metal film is formed. 
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[MJM2 2] [CLAIM 22] 

nunLl-.feJSfllf ^ " ,:J r - /i(- J; l !) A manufacturing method of the electro-optical 

ff'-hti' 5 ~ t ^'ftfA u ~$~ 5 ffi4 : ( apparatus of Claim 20 or 21 , in which said metal 

Ji( 2 0 *ti\*2 ln^V)t« film is formed with plating. 

[ ^^H-''jf^l^: l ^H;1] [DETAILED DESCRIPTION OF INVENTION] 

[0 0 0 1 ] [0001] 



[ y i£W 3J£#'f:''>S) ; ] [The technical specialty to which invention 

i^mi^UiJi-i^iin^n-^ belongs] 

•lt'T-&& J; 0^ <? >K3fi hlixl z Tnis invention relates to electro-optical 

apparatus, such as a liquid crystal display, and 
its manufacturing method. 



ivj-roc 



[0 0 0 2] [0002] 



[ «</'fMf] [PRIOR ART] 

fivli^M&'HBi^i^^iW:. H k. IfVt ' n tne conventional liquid crystal display (for 

\'M-f- 1 - 1 8 8 8 2 8 example, liquid crystal display of the reflection 

■j^H^lxW'^iki-f^^ type shown by Unexamined-Japanese-Patent 

.^.V -■-■'-kd m" No - 1 -188828 gazette), it is proposed by 

T-mm , '>-Re Mit'- Aj - - P rov ' din 9 a reflection layer etc. at the surface of 

W»\\-\'Mmm i-ref f L'C'j: 5« the Mquid-crystal layer side of one substrate of 

ft-t/i -^-^M^i'^/lH^ the liquid-crystal cell which clamps a liquid- 

</»i&iliM#-tJi : ^4r;! ! *i?o It;: crystal layer between a pair of opposing 

t "-< X , 5 1 N /i b n o substrates that a bright display is obtained. 



[ 0 0 0 3 ] [0003] 

It5>L n tiid&M'J' h( n lilx%-t However, said conventional thing is not 

Ji v i// ; 'ft"f L h VHtifcX'lifz < , R necessarily clear in a reflection layer, when a 

\ -r $m>\<>J^Miiw~<m metal film etc - is formed t0 tne surface of tne 

' i^m^ i> v w'- ir-* t> t- - liquid-crystal layer side of a substrate flat and 

v- ai& ^^Htu^n^k r >j smooth gs g ref | ection | ayeri tne reflection layer 

^^v^Wy^'i'iiH] '£ o serves as a mirror surface, a user's face and 

f'IiJtJ#c':'$^ll;U'^") , £■■•]'< background are reflected, and there is fault, 

-X>-i\ : -';Sli&^5b \ fa -i> ^-try-fin. such as being very hard coming to see a 

,Vj ; <t':>6e display. 
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Then, the method wherein it heat-processes, 
after forming a reflection layer to the surface of 
the liquid-crystal layer side of a substrate, and 
roughness is given to a surface, and the method 
which a honing after the reflection-layer 
formation or carries out an etching process and 
it lets be an optical diffusing surface, are 
proposed. 



[0 0 0 5] 



[0005] 



[ £ m ^ fi¥ ^ h 3 n [PROBLEM ADDRESSED] 

j£fj] However, in heat-processing as mentioned 

u l-.id'/' i 'i i' tylB/^ above ancl 9 ivin 9 a unevenness to a surface, 

?V- l^/~ : VrP f 1 n '^>£ f r iiv- heat P rocessin 9 in 400-600 degrees-Celsius 

' JHn r T v h and a hi 9 h temperature process are necessary, 

4 1)0-6 0 OUiifeL the heat-resisting property of a substrate is 

a-t m^MnfAt^^ required, and the material of a substrate has 

-C\ ^ restrictions. 

%Ki?:>H¥V*-Mx-)?y*fc o t L/^tj And since the control with a crystalline 

nHt n j^- ^Vfmitli^^rfi'jYilK zl^-J Ti > unevenness therefore requires, there is fault of 

^fftfVty^/j* i ! Mi etc - out of which the light-scattering effect 

fv^ 'fr/j-froc does not come well. 

[ 0 0 0 rt ] [0006] 

^fzwiyli^'* X ') Jx^i-r^ Moreover, as mentioned above, when carrying 

^^y V't-^iiJ^Ii !Z%Af ;i out the honin 9 °f the reflection layer, a 

. . a, -^L!/ T ~ V 4' , ' possibility that a pinhole etc. may arise is in a 

m-].- u ir e - ^ ,+ reflection layer. 

rV?-?^^!! When using together with an electrode, a 

lyr^K'ffi^Lfiit/ii-'^ft: I \ 1® tf:i disconnection and resistance value change and 

* #1 \ the bad influence which acts on an image 

"ztiJX^tM '±r- r - •:'-?*>' Y ~t~ o^"- quality cannot be disregarded. 

Yfli, ki§-\M iifSi/i 1 'v ; ;'/#J!-- T - Moreover, when etching a reflection layer, since 

r, /-y, ^Ifdfi ^J L f!: a reflection-layer surface is etched on an 

;V ; ' J ^ v V' r >[n]/S^vf^ r ) isotropic target, there are problems, like the 

light-scattering effect is small. 



[ 0 0 0 7 ] [0007] 

i-fc^ii l-nil^MnT^/Xr^ifl't' This invention aims at providing the electro- 

o 1 1 * ri ~C% u'Sf <i 'ft'T^-Bio °P tical apparatus which can cancel said trouble, 

irj^mii b'fc&mk^Z>*z and its manufacturin 9 method. 
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[Vm^mft-t r j tz V. r. Tfi] [SOLUTION OF THE INVENTION] 

Ltd^ R (ft %$!i l £-tZ>fz>> > >{z:fc ' n order to attain said objective, the electro- 
^Hfjii t ovif '^'/c'^i^Wj-j trj- optical apparatus by this invention and its 
>:•}:[ il">. hV* \ ' manufacturing method were taken as the 

following structures. 



[0 0 0 9] [0009] 

UiJ : WJIi J; & 'tt''? J M ^hat is, the electro-optical apparatus by this 

'i v i l !i <]|i'i]i^5— <'j"^' i^-f^[iij:i invention is an electro-optical apparatus which 

V'm is ■> H'tif T -- ^ - ii; ii 4- ',r has a reflection layer in the surface of the 

-i- t* -.!- . -i n f ■■/,.„ , jz- liquid-crystal layer side of one substrate of the 

-~ *«*r-, ^ <t liquid-crystal cell which clamps a liquid-crystal 

J£*iih*i'r fj't ^ 7l'7 : :^ | a y er between a pair of opposing substrates, it 

[ftiUoV ^T, .hrid^Wili'lr frt~ has a minute unevenness in the liquid-crystal 

Vf^" hh ifl/ ^>J ; /.c n_T t n i layer side of a substrate which has said 

rffL, ^^\W l \<D lUkili had reflection layer, and has a metal film as said 

FZ%-\}§} h I -Xf Ypf'o reflection layer on the concavity-convexity 

1 u -^^f^ u i"- r -». surface. 

It is characterized by the above-mentioned. 

[0 0 1 0] [0010] 

£ t-.fc-^mi t & f& U /tv^l^ Moreover, with the manufacturing method of the 

hiixli <i\"]~l~<:> -tfsj electro-optical apparatus by this invention, in 

ir tfTMM'- a* n lz ^+fi-M; T — - manufacturing the electro-optical apparatus 

n t=r . R which formed the reflection layer to the surface 

*<""*/ ur '-^ of the liquid-crystal layer side of one substrate 

! Wl ^ [ ?l^ h \ ? f ' K ; ,f ! 1 ^ 1 of the liquid-crystal cell which clamps a liquid- 

<\ :fc -r- ^ !S £r in' it" o ! - j i ti crystal layer between a pair of opposing 

hnli/xWiS^ substrates, after forming minute roughness to 

> vf If ifc? f WJ cO i fiii ; z: ti=IH [ 1 J I i £ 1 i the surface of the liquid-crystal layer side of the 

tf-Mc I s L-"C J c'. / '>fini JL i substrate which forms said reflection layer and 

iiifii 'WflHi^M 1 I t' ~-o ~>[iQ carr y' n 9 out repair process of the concavity- 

n j.- 7-,^ 7 -ii : ruiv5 u r, convexity surface as required, the metal film as 

said reflection layer is formed to the concavity- 
convexity surface. 



°° It is characterized by the above-mentioned. 

[0 0 1 1 ] [0011] 



[iV-lW] [EFFECT] 

IJil^X (I -Me^;! i The electro-optical apparatus by this invention 

-Vl't^ & is a str ucture which has minute roughness in 
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the liquid-crystal layer side of a substrate which 
has a reflection layer, and has a metal film as 
said reflection layer on the concavity-convexity 
surface as mentioned above. 
The reflection layer which the roughness by the 
side of a substrate also affects a metal-film 
surface, and has minute roughness in the 
surface of a liquid-crystal layer side is formed, 
lights are satisfactorily scattered by the 
reflection layer, and a display is legible and, 
moreover, can provide an electro-optical 
apparatus with a large visual angle. 



[0()12| 

£ ttffi <r> if* rWi m <n w l - tttSB 



[0012] 

Moreover, with the manufacturing method of the 
electro-optical apparatus by this invention, 
without a pinhole etc. arises in a reflection layer 
since the metal film as said reflection layer was 
formed to the concavity-convexity surface after 
forming minute roughness to the surface of the 
liquid-crystal layer side of the substrate which 
forms a reflection layer, the excellent electro- 
optical apparatus of the light-scattering effect 
can be manufactured easily. 



[0013] 



[0013] 



[ <7YM)fc<n)f''1&] [Embodiment] 

WT\ :^i , fli:,tot^ , t^< Hereafter, a liquid crystal display is made into 

<??i3l U^^MYii :h' : tl;ir iftafa an exam P le and the electro-optical apparatus 

t- : -jji-^ 7 /r t i, " i — i3 -rt by this invention and its manufacturing method 

u „ . t are demonstrated concretely. 

[0014] [0014] 

[z] 1 it ^<gn>j(i I -"511 <CVl;'^^ F| G- 1 is a longitudinal cross-sectional view 

[W y L X^\i^mk t r^i^- r} -'M which shows an example of the liquid crystal 
/ ~ ^-.~;y-,l£ -n.vT--.-k - ""-../I display as an electro-optical apparatus by this 

j- r ( i ^ 4- , invention. 

I >\ , 1 iiiizmX^ •) J: , n the figurej 1 js a | iqu j d . crysta | C e||, 

-:it<r>i&fi2 • 3^;:iftSy The |j qu jd-crystal layer 4 is clamped between 

4 t-Rtt L T _h W » JSffi the substrates 2*3 of a vertical pair. 

2^^)wLMHl4ffl< ; Mfii!-(±^ IT The transparent electrode 5 of ITO etc. is 

O^r ^HEfS 5 ^*H5(t provided at the surface by the side of the liquid- 
crystal layer 4 of the upper substrate 2, the thin 
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ftjr^rV 1 3 ( n rt[Hil-[i, FZ$\ metal film 6 as a reflection layer is provided at 

Mb I T^>/?i *feJSfl£6 /j'fiSit the inner face of the substrate 3 of another side. 

f->ri"Ci *- r -> 7J±^ ^' 8 7 shows a spacer and 8 shows a polarizing 

im-m-r^-, plate - 

[0 0 15] [0015] 

*r I T K^Sfcjf^! £ Tffi'J^ & And it was made for a unevenness to also affect 

fa3s^iiM4i^om^Mb\& the surface of a metal film 6 b y this 

nj],^ ^^L, ^ ^-jiJS'iiwi^ M*iy> Embodiment's providing a minute unevenness 

' 1 ^ ]'tl r \ S — i l i -j- - r u I'-'h at the surface by the side of the liquid-crystal 

Afi *-Jtmib^M-.7'j ^ _ (- J; | ayer 4 Qf the , ower substrate 3 and providing 

JZ^IMb t/»i<[Hi!i ^ni n i said thin meta | fi | m 6 at the surface. 



[0016] [0016] 

if-cmi) [ ;|t/ , jdJ7-// ; ^J"i-i^c ln addition, inorganic films and organic films, 

r > ,t ') ! - K f$ : 6 <?"' [hi I ' 1 1 such as Si02, may be applied on the surface of 

c;no v 7 '^i-lgM^ y-HtHtt-"-*" a me tal film 6 so that the thickness of layer of a 

, . M , . t , )- f3 / liquid-crystal layer may become uniform. 

~ * J ^ * r r i f f HH , |f Moreover, the rubbing process of the polymeric 

vfj*#y ■i-rtdl»^ Oit'M-^!' organic thin films, such as a polyimide and 

Y 5 K ^ 'J t <y t*sTi — >i polyvinyl alcohol, may be carried out so that a 

Sf^^i >/ r {{WiVfWci: ~ } 7 liquid crystal molecule may orientate uniformly. 

[0 0 l 7] [0017] 

ntln^ .f t C|J£3 !r I "C(±, P'J:t!f As said substrate 3, a glass substrate is used, 

#-"7 " 7 * yit^jljl ^/i!"£;K ^ or exam ple, or it ma Y use synthetic-resin 

1 1 _-f- ' l * > ir- l, .-t v u " |I t p substrates, such as a polyethylene 

,/ ' w ^_,-,^ 4fvI _ 7 terephthalate (PET), polyether sulfone (PES), 

/ * 7 ' . v and a polycarbonate (PC), or what has organic 

f ^ ^ v 1J ^ ~^V^T f'! ms ' suc b as acrylic-type resin, an epoxy resin, 

h (PC) c/ > rMit sSfUlu ^ a polyimide resin, polyimidoamide resin, and 

ilH L t \ , ,o .5 1 wt*tf "> "< "miranole" type resin, on the surface of a glass 

^^i/) i--[M[;i">' ^ 'J a S^flln . substrate can also be used. 

„t. rK ^- > ^HIr , n ^ ^ K tff ln addition, a substrate 3 does not necessarily 

* ,; 1' i K" 7 * i K^lius ^ need to be transparent. 

->\ „ rr h-4|,^a-v ; . / - t ^ m \ Moreover, the anisotropic electroconductive 

_j_ r , ; ( ^ m . , z - ^ ^ ^ thin 9 whlch has insulation in a surface with 

^ 1 ~ ] J ' °-' ^ ^ T) - electroconductivity between both the surface is 

: :> c J,M^ :j (1^1- L hr*W a iso good for a substrate. 
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[001 8 ] [0018] 

I: "t i- flW^* - fi "^o "tf When using the glass substrate which has an 
=7 x i&tt^vifji •» ^i^-rrMit ^ or 9 an ' c f'' m as nrientioned above, it may form 
.7) -< m^mi 1 ^ }?■ said rou 9 hness t0 tne g!ass substrate, or it may 
P form an organic film. 

When forming an organic film after forming a 
unevenness to especially a glass substrate, the 
.Ui&iiPni^£JrML/^>Mftfi thickness of the organic film becomes as 
WZtiW't- Z^-tmm follows. 

o~Sif-£ !t, lit- £ L- ^ it '2 u mi'A Preferably it becomes as follows 2 micrometer 
T\ i: HA/- £ L li 0. 5 // m or less. 

yi -f 1/)//;^ ^ l i 1 ' s desirable to make it 0.5 micrometer or less 

more preferably. 

[ooi a] [0019] 

'ttzRNM 'tWilfcl' 'pMP<'-''> Moreover, the materials of the metal film which 
>t]''nit T/i.--r>\ constructs a reflection layer are aluminium, 

f^ufe 'Kttliimi i'fc f™' and ^pothers 
• / - , / wt-,,. /• There is especially no limit. 



* L ; !± 1 n mWT, .t M 6f 
L : li'3 () 0 0 ■}■✓' ^ V r.j — 



Moreover, the film thickness of the metal film 
are become as follows. 

Preferably it becomes as follows 1 micrometer 



^UT;:^o</">;^'U U \ or less. 

It is desirable to make it 3000 Angstrom or less 
more preferably. 

[0 0 2 0 ] [0020] 

I : t ^cn^J4i]^;t^>j;tfj>y;^ii ; ^ Said metal film can be used also for electrode 

)iH-^ I ttf-?* K>r -it-, riti ^ a display. 

hlV '» ''pJt&W'*" -frt'^ iWW 1 'tto u Moreover, what has the transparent electrode or 

1 -■)-ni)^i- i ^^v- i -r un the opaque electrode of ITO etc. can also be 

\. \^ ' Vf used for a liquid-crystal layer side as a 

} V L \ lt hr ^ 1 ^ 1 ; 3 substrate of the side which has said metal film, 

"i" 6 h ^ 4r ffj t x -5 t ^ e * | n that case, said unevenness is provided at the 

6c -r^J-M ('t liHLl ^^ h^O:^ surface of the liquid-crystal layer side of an 

(7V"^ < \: \/t\i^J*\\>i$ H M electrode at least among said substrates and 

fKy^[fii!if]ijnd^nnd : ]^^(t6c electrodes. 

[0 0 2 1 ] [0021] 

l-.Hci^ 1 t [i&Mo >\ilimk$iWW 1 The roughness by the side of a substrate affects 

[Aiii[ 1J l[ J V> t .' ! o t\ a meta| - film surface by providing roughness at 

IJN'J u L^7<£-i * 'VWjIK ,: f r > the sur f ace of the liquid-crystal layer side of a 

\ r\~ h 1 1 ' if-4.r : /,M J | rVTi m V- substrate as mentioned above, and providing a 

.^i , u Inn* ™^ ™™ ^ 35 3 refleCti0n la V er 3t 

^^••iHMiUV^L , j:c'»pni'_',ia surface tne rough surface can turn jnt0 an 

/Jvftfftftifii £ &o c Hi&ifiHR'J optical diffusing surface, and can carry out the 
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[0022] 

|-<3 (b) j^.-j-c 
L ; , ^J.tli'lVli'b^' t'-y^-^r-Kj 
cwii^vt.u-^i^i^u nniOi-;:' 
i \ x ^-cn [»| i 1 V:» ; t^Jfc ! 

p Ci, 8 0 // mWT, £ " 

n l •■; . tt:\v>: r -.</ •■,•;;] ± 

T, t L ^ CiO. 3 a* m 

ill L I > c 



[ 0 0 2 3 ] 



scattering reflextion of the incident light 
satisfactorily from an observation surface side 
(it is a upper side in a figure). 

[0022] 

In addition, it is desirably to control so that 
reflected light increases in an observer side as 
shown in FIG. 3(b) in that case. 

For example, if a concavity-convexity pitch is 
formed uniformly, a directivity will be produced 
in reflected light, since it receives 
omnidirectional and an effect does not arise 
uniformly, as for a concavity-convexity pitch, it is 
desirable to form non-uniformly at random like 
FIG. 2. 

Moreover, the concavity-convexity average 
pitch p in that case becomes as follows 80 
micrometer or less. 

It is desirable to be referred to as 1 0 micrometer 
or less more preferably, moreover, concavity- 
convexity height h considers the concentration 
by the side of the orientation stability of the 
liquid crystal to clamp, and the observer of the 
light to reflect, and becomes as follows it 0.6 
micrometer or less. 

It is desirable to be referred to as 0.3 
micrometer or less more preferably. 

[0023] 

Next, the manufacturing method of electro- 
optical apparatus, such as the above liquid 
crystal displays, is demonstrated concretely. 



[ 0 0 2 4 ] 



i»)Jri i X fa o \i>im± .'i 
- - >/ '/ > (>"» if': iih M ffl'J <r.> m ; i f;l 

if W-t- O \Wv> >)ilu?H^ im> [HI 



[0024] 

That is, the manufacturing method by this 
invention is in charge of manufacturing the 
liquid crystal display which has a reflection layer 
in the surface of the liquid-crystal layer side of 
one substrate of the liquid-crystal cell which 
clamps a liquid-crystal layer between a pair of 
opposing substrates, after forming minute 
roughness to the surface of the liquid-crystal 
layer side of the substrate which forms said 
reflection layer and carrying out the repair 
process of the concavity-convexity surface as 
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WS> L ft' 1 jtRllft&tfVijiti'o required, the metal film as said reflection layer 

{ , </ > .t'i <3 , is formed to the concavity-convexity surface. 

[ 0 0 2 5 ] [0025] 

knd< ; ' Vvf^;il l Qi£V:r Jf;/A:~t' o -T- Means to form a unevenness to said substrate 

PkliiW-Z^ZiK mrV.U*-- 's arbitrary. 

- - v'//iLjp'- n l- t However, ' s 9 0 °d to ^ orrn ' f° r example by 

^-<^'> imit^^-Vj.t t 10 ^ 9 process h t h „ , 

.'^ ~ ' ; . . In this case, what has the above organic films 

fa t f: ( ifi9,ki«7>« Tjkfflfti.Mi i . on a g | aS s substrate, said synthetic-resin 

I n ft"'; ' v "< l^Vi l.driiiiid^'.t substrate, or a glass substrate is good for a 

■~> A: fYW-r fY+o i, i, =t substrate. 

i\ z-o^j-> x J.C-fa /f^fK'f In what has an organic film on the glass 

fY'f" o o'- ; ''!-^o"Cl.t N substrate, after forming an organic film to a 

^faViffM^f^l glass substrate . tne honing process of the 

Yit-W^t; — ~V I --pi] or 9 an ' c ^'' m ma y De carried out, and roughness 

^ '~ " may be formed, or after carrying out the honing 

process of the glass substrate and forming 
roughness, it may form an organic film. 



[0026] [0026] 

-r^ 1 fitW^'Mfnt/' 'L-tef Tn e materials of the organic film are an acrylic 
Jlu^'ftiLiltL c'i. n , £ resin and others suitably. 

/ ., |I| ,., J ... , ,. 1T - Moreover, there is especially no constrain 
lj, condition about film thickness. 

Wt~t ^Ju^^^MTi. Means to form an organic film on a glass 

Xfr [ K t /: {) 'W&o '<}fc{>L\?{ substrate is an application and others suitably, 
ft, frrvA ^'^Ji'rM j' -nfW.tiBfit ..L Moreover, the formation location of an organic 
^^•nnt n i^^^^"t^ -^fw film forms the terminal part for signal input 
^j^Mfi-Jii^'^^o^/r, friffl selectively only to the location which should 
t'l : <^» L '/j » *> f j" ; v;j ^ Ll 1 ^ orm ^ e rou ghness of the avoidance above, 
fvij-' !±>^^f'|:7''v ij /u^vfji^/^v Also ^ rom reliability, it is effective and desirable. 
^' ^ ,n -'' x For example, after carrying out the whole- 

surface coat of the photosensitive acrylic resin 
by 2-micrometer thickness by the spin coat 
rtyko.-i v — ^ ■ ( ;.)^ii^^^.$r method, photopolymerization of the ultraviolet 
L "Ot 0£ n oiir, £t ^ radiation is irradiated and carried out only to a 
i%\ L "T •{ j't&l-ft & If - "J" Z H desired pattern by the photo mask, 
u/jrj-j The development of the remainder can be 

carried out and an organic film can be formed. 

[ 0 0 12 7 ] [0027] 

nUnB^^^ii^ — ^^ ,ff ^?\Uz The sanding particle at the time of forming 

roughness to said substrate by honing process 
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-t i i\\J]fo&)l''}$^ofi,*<- r >Wf$W. is good to use a cerium oxide etc. in a glass 
7-;-£, "tf^ •< i.^^i^ioTiii substrate, moreover, it is good to use particles, 
fbt n ^ i, A y'Wt;H > r -, u t ' sucn as polyvinyl alcohol and polyurethane type 

Zt'MPsJvmmmi-, I ' resin ' by said s y nthetic - resin substrate or the 
' ' organic film. 

Moreover, particle sizes, such as it, are become 

as follows 1 0 micrometer or less. 

Jju Vf-^iT 'rJiH *-t> i Lii. \ X It is desirable to, use a thing 5 micrometer or 

-~- \ l '*f <F> fS (i , 1 (J // m Ilk less more preferably. 

T, t ^J't L ; It 5 // mWT 

[ 0 0 2 8] [0028] 

£ ; - , j - ^ - v//(Lji)!-j- .5 Furthermore, if the direction which carries out a 

l»jltW!c <jL -"^NiV 0T¥i') nonin 9 process is performed from 
^l/wvfr> t il^jjic o i i f 11 ] P er P endicularit y (vertical) with respect to a 

substrate, since the concavity-convexity height 
formed will become bigger and stop being able 
to control it easily, it is desirable to carry out by 
v. t j '~> _ predetermined carrying out an angle inclination 
!r// ; , #J- ^.Hi'b 1" /f;jjt"k with respect to the vertical direction when 

o k"C L V! £ L " , tind^ ; 'M;f;i-^ forming uniform and shallow roughness, said 
I \ ( i^IiiiV '^*l»];i <*r L inclination-angle is good to make 45 degrees or 
C 4 5 VX V ftfi&l- £ -ti' u t more ' nc '' ne res pect to the vertical direction 

preferably. 



[ 0 0 2 9] [0029] 

ttf^ : \\— f/ ^?W . y 'W> tj In addition, the method of etching a glass 
^ u l x 'V "< IttS ^ "' - >f\t SLJ bstrate by the hydrofluoric acid and forming a 
r --[i^nj^jf ■ unevenness as methods other than a honing 
process, is effective. 

Moreover, also as said repair process, for 
example, a method of the etching process of the 

'fr£'rilH J,Ef£ \-.\~)\ 5 ,u concavity-convexity surface formed on the 
fir-Ti'V^ti'ii^^ \ ''"''It substrate using the hydrofluoric acid is carried 

flU'o , ^ o i w t. k^PTi' V M'b out lightly or said concavity-convexity projection 
i'fr>'jr£lrJft : L "CPni'V'i^ ^illfi*^ ' s 9 roun d and concavity-convexity height is 
i~<'> t l > adjusted, can be taken. 

[0 0 3 0] [0030] 

knLl<. r >~ 7 -'ft^^r JiK At to When the etching process of the concavity- 

if viAc ^.fi/iPni'V/Nfn^^ ■■' :r - r convex ' t y surface formed on the substrate using 

-F - y-^Zj-rr 1 1 — said h y drofluoric acid is carried out lightly, the 

_ T Y/;7ip\n f- x ii ir ^ liquid mixture ( a mix ratio 4:1 " 1:4 an d a grade 

v- r^^V-- adjust) of a hydrofluoric acid or a hydrofluoric 

' L-/iifii1H'Jiw f 'in ac j c j j anC j an ammonium fluoride is used for the 
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L [ li^ >'^ — surface side which carried out the honing of the 

^ ^ b onll -ft % <$ (Hi nit 4 : 1 9 lass substrate which carried out the honing 
^ l -4 f"j!¥[i t tj ^ process, and it immerses at 20-40 degrees- 
ff j lN --on ^A^'-'i iM ~ Celsius, concavity-convexity height and a 

concavity-convexity shape are adjusted by 
etching. 



[0 0 3 1 ] [0031] 

i fi . LII'l^o .J; *** (-t n i^<rWi#i" Moreover, when grinding convex part as 
^tf^f-j: fflfi^i'oltfK^'^f'jf mentioned above, according to the material of 
rj" U J f ^ 3iS ' A* j^i^'t" S> the sul:)strate to 9 r ' nd ' an abrasives is chosen 
~' L> " u " v suitably. 

For example, the same thing as the sanding 
particle used for the honing process mentioned 



L ^</>'rJi]i ^ ; :> 0 above is used. 

[0032] [0032] 

&l I:n"^ '/> fc 0 ii I ~"Cl 11 h n i'r Subsequently, the metal film as a reflection 

W')fiLt~ *}<t\L V\z.YZ^'\M^ L~' r la y er is f° rme d on the substrate which formed 

r, utt r -* \r-i v -* j r . ;ni the unevenness as mentioned above. 

- , ' v j i - ^ v-:A t v L/ ) For example, it forms by the vacuum forming 

VV V ° ^ \ methods, such as a spatter or vapor deposition. 

U:WiWbd;>-,l tJ if-J^H o c . - | n thjs case the earlier one tends to be made as 

rl\ lActK*U-- K'iV-l v'j7;> for a unevenness to a film, for example, the 

l^^nnr^^^^t- < % mr<_if film-forming rate has desirable 80 - 250 

8 0 ^ 2 5 0 :\~y ^ b n — J* Angstrom / min grade. 

min ftHi^/j'^^ Llv, £/iMt Moreover, the film-forming temperature has a 

f ! £i!nJ£:Tt 1 0 0 — 3 0 0 Cf?;^ : desirable 100-300 degrees-Celsius grade. 
U v 

[ 0 0 3 3 ] [0033] 

Jlffr'i-Ji-lt, Mriff "< y Specifically, in the case of a sputtering method, 

t- n tih'?lt flftjfVA" u— h i> *> o w ^ at ' s sufficient is just to form with 

0 , ./..^ ^ rJ J.^ ^ mjn W jf.n Film formation rates are 200 Angstrom / min 
' , r£n . fr J: grade, the film-forming temperature is a 180 

j r Mi ^*'' k 1 8 () C ^ degrees-Celsius grade, and 

^f V : ^ ° ° 0 '! A t a ~ A The film thickness of about 5000 Angstrom. 

Viilkft'-I&l'ii ("t X \ , ?a ri^' | n the case 0 f a vapor deposition method, a film 

^rrliW^fM. If* 1 0 0 :]' formation rate is 100 Angstrom / min grade, the 

1 >r-\ \^\-i~j> %y min fA/A\ )k film-forming temperature should just form the 
WU;l)t<^~ 0 0°Cf7JjL : f'fl'£Jy' 5 film thickness of about 5000 Angstrom by the 
0 o 0 v p - Aff^/F;: 200 degrees-Celsius grade. 

[ 0 0 3 4 ] [0034] 
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'o 0 WUUW* "< &ft£ 
f|]l^oi§^!i, 2 0 0 ^ 4 5 



hl^y > _£ -i {I L -Ttf-Mjt L/i fcJ$ If the metal film formed as mentioned above is 

l]£fi, ■L'^ci-J^ L .'T ^ll^^f! L heat-processed as required and roughness is 

— [ij],!!,/^ i - |. :7 „ u controlled, suppose that a minute pitch is 

MA: t c > +o>W\ u + A l > concavity-convexity. 

For example, what is sufficient is just to heat- 
process in air at 200-450 degrees-Celsius, 
when using a glass substrate. 

0 : C T U [ I J /Jli M '/IiflH-* i Moreover, if what has an organic film on a 
J: l \ £ /iT?ijtt , jt)Iu ^ft o L x synthetic-resin substrate or a glass substrate is 
rt .+/---> x At ft h;: fi*W!££r fnt~ high heat-resistant, said heat processing can be 
'i> tW'"C ^^fW^VIIi^MWii^ performed, for example, in the case of a 

I'n ' I < ; " ) tjUfWi^'Pf-fj* "ffib P°'y' m 'de resin, it can heat-process at 220-240 

W» ; ^^!f^'i7i ^ degrees-Celsius. 
^>i§Y>;i!±2 2 0 -2 4 O'C^ 

[ 0 0 li 5 ] [0035] 

.J-.'jicV 1 .1: '? li I X At ft . I - ; zi : if ;/Ac The metal film formed on the substrate as 

L t n v — r-- >■ L ment i° ned above patterns, and is taken as the 

electrode for a display. 

In this case, the electrode formation is although 

^ _ 4 ,. t ^ f ^ ] it is good also in front of a patterning or in the 

mf Cr.ft y t, ..^i JIl&V'iFI: back, since it heat-processes and the crystalline 

L T^HH^I-j^V^.i^o /"i .t-J- unusual surface changes an etching rate, it is 

v > (/ u ' fc - h A » 4 > v» /i < v/ > S'( good to heat after patterning desirably. 
£ L \ li ^ — ^ ^ -v Moreover, although said heat processing are 

i"-5'-lr 1 1 \ S/: \\^y f Jl]3J^ possible also in air, since there are some to 

iii'i+'^^i'rti-r^. >Lr?'- which it oxidizes, for example like chrome 

t^"""[t f Vl J'i / i ' tj j^s* l ') depending on a metal, and a reflecting rate 

. " ' /rr-C+ ~ j reduces, it is good to process in inert-gas 

L\ rat-r ^fft F-r ^ atmosphere desirab | 

ti- w<( ■ 1 1 *<mrt 3 .t t 

1 \ 

[ 0 0 IMS ] [0036] 

fris. iifjrfil^^Atft t ii^d^ t <a> ln addition, between said substrates and metal 

|n]ii(.t, I t O ^'/'r^'HH £/if"t f' lms ' transparent or opaque electrode of 

.^'^nij^,^^^-!^ f '7. } - u j u j 'TO etc. can also be provided, in this case, a 

. J ~ f ' M \ V h metal film is formed after forming the electrode 

" "'^ of the desired pattern of ITO etc. on the 

:>\il . Dnr'VrJkJjV. Lf-Afeft I* substrate which formed roughness as 

11 i TO?^f^^.^; ^ mentioned above. 

Hife^iP:^ L -kl&Wrrit'- Or a metal film can also be formed, after 

/jJc't~-w ^ o t x (i f- ^ Sft t; forming an electrode on an even substrate and 

\iM\'$&ft' : &L, forming a unevenness to the electrode surface 
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dnUnd b [4f^ n i|p£^Mdl^F; in the way similar to the above. 

}$ t Ltz'i&^ ■kk$M&)\''>}fc~$~ : 5 - Moreover, said metal film can also plate and 

u ^ ^ * ^ ^ - i^^rjrf I* nL l form nickel etc - in this case - 

[ f) 0 3 7 ] [0037] 

rUWji'! Specifically, it forms in the following ways. 

}f;/j^i-;-, » t, '^f^/;> That is > it degreases by immersing the substrate 

•t-.i, a. T , rir * o n riI ''A to which the electrode was formed for 10 

ir "v>-7 t' •"■is—I '*mm-i mtnutes at normal temperature into 20% of KOH 

\ . j .^r^^ L ^ ^ ,m] ^ solution, and at normal temperature, it 

?h L^rilftiiM ^r f rlj, a n o^I I C j mm erses 5% of HCI solution for 5 minutes, and 

1 ii'rH^i^^ml'C 5 yf\i\]Y-z<it L T jt is neutralized. 

'P-flio-tir-Or tf;l"*T\ -r^AtJJZ Subsequently, non-electrolytic plating is started 

Jiuii hi-fik'4£$'7- ^ • ' A'-'rl'T-l^u L and palladium is made to adhere on the 

T ' ^ -? > ; fi; 3s £ f i" £ -ti: o < I substrate surface. 

t-^I'-tl'f 1 .W'HC 1 itirfi ^his ls P er f° rmec l by mixing a sensitizer (the 

[fi'~ Wr^M ( h ''4\'i\'~r ^"^T V" Hitachi Chemicals Industries make, brand- 

- m *V *- p m q " : " name HS " 101 B ) 7% . and makin 9 jt immerse for 

^rt:^< IpIpn 5Mb- 101 1Q minutes at norma! temperature into 15% of 

B ) ^/"o^U'^it'lO l; HCI solution. 

[iij^mJ'tt 'j - -t fr J yt 'K Subsequently, a glass substrate is immersed 

d:^ ^ v r'^if?^-^^ into a nickel plating liquid, and nickel plating 

[HI 7 ;v^K^%?u^ "tirS^ivli with an average film thickness of about 7000 

f& i'^Jli^lV- 7 0 0 0 i"> y Angstrom is performed on a transparent 

x h p _ ^ - : v v /l * , electrode. 

[ 0 0 3 X ] [0038] 

^ rv a r villi? * ■■' -V- ln addition, electrolysis plating of the aluminium 

I ""-feMI^ ^ 1 "C t) -t n ^ e carr ' ec ' out ' a meta l fil m ma y be formed, 

and the effect of this invention is not influenced 
by plating and can perform a choice of non- 
electrolytic plating and electrolysis plating with 

mm *) B'm < -\v the met al to form 



3 



[ o 0 3 V) ] [0039] 

A\*[±J' i ' l ^ti~?MY&~'t~ 1 - I- t A minute concavity and convexity can be 

fr) . Iktti I'^'Mi^Bft^/NHiii^Ill formed t0 the metal-film surface on a substrate 

sm^^^)k^ r o i o by manufacturin 3 in said wa y- 

j " ^, j^ivVk .1/ The concavit y and convexity of about 0.1 - 0.2 

y ' " " hh:i~:^mh^i< I- micrometer was actually able to be satisfactorily 

hjh l - 2 /; m, rfe .5*'J formed to the metal-film surface in 1 to 2 

0 . 1 — 0 . 12 /; nu' 'Pliih £ & micrometer of average pitches, and depth. 
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k]'{z){''fM^ -5 ^ > fi c X Moreover, a liquid crystal is clamped via a 

AM'^jlH \ ^ 'tih *j*hVt~ sealing part between it and the opposing 

0 M-f^ti v Tr L~n^ substrate using the substrate. 
"^m*?***- ^o>+u^->iit When the liquid cr v stal dis P |a y usin 9 the 

tr'~iw in r r-\'ir/ i - f nematic-liquid-crystal layer which installed the 

W>^mi-\ttXVt-?MA L 1 polarising p | ate in the outer side of the opposing 

8QC ~~7 0 c rfii:Hrtdl»]L- substrate, was twisted 180 degree - 270 

ti ^s^- •■' ^ ii-l\V\k'} ^ )\]^ v /iift degree, and was orientated is created, since the 

\mJl'f<Wi^iV'h^ L lo, reflection layer is a scattering state, a 

rl%-\M // ; fft £L^?i!f: > ft o ~C I ^ o background etc. is not reflected. 

f-piff jk^ i u //ift C , Moreover, the reflection-type liquid crystal 

f ^</>^w ^i^^^mhij! if i dis p |a y of an extensive visua| an g |e was ab|e to 

1 n V_^ ^ u , . J/- 1 — nh - ' ..!■ be obtained, without a shadow coming out 
.'I. ? I J V X . J* , ; ' i v/ brightly compared with what adds the 

^ o - r £ \ , L/j * o.lMtt-f j conventional reflecting plate to the outer side of 

^M^^ I a substrate. 

> fj*Xr* /*i c '£ feM"? Moreover, since an electrode is made by being 

^/-^f^Jl^'LVut^i: ft ^ , metal, it becomes a low resistor electrode, and 

\J}W-VuW\-^ r ^c i *) /P'ft h 7c there is almost no provincial accent of an input- 

v n -/ 7 A ^M7>tiiij^^ voltage waveform, and the defect who does 

^jL/--}- - ( /<f(]S" flT ^ innages, such as a cross-talk, non-uniformly was 

J m '~ " reduced sharply. 

[ 0 0 4 0 ] [0040] 

^^Su'll:, H.tiii vt^fbo 7 — As a result, for example, in the so-called In the 
h ,r M ' n > '^ii^/viitf Jti reflection-type liquid crystal display adopted 
r ll> - f-ftHHj-V ^ •- briskly notebook computer etc., in a display, it 

u , i ^j;x^r-i,^Hn.^'i^ii?.- js |egjb|e and) moreover| the apparatus of low 

power consumption is obtained by the thin * 



• h^V< lightweight 



[0 0 4 1 ] [0041] 

ft Is \-^& ] Hlt )t'r : fi-jArfft]^i(^4r ln addition, this invention can also be applied to 

\<m"<.t'\ vp^^o f l Tci : A /7 f " /0 a lic,uid cr y stal display the so-called 

jw*^ l v f -7\;) V* rS />/- ;H : , [ v i l monochrome display type equipped with the 

j ^V^ HH ^/ ^ optical compensation object, and color type. 

;i . " , " ? °° v !k ? Moreover > jt can aPPly the guest host type using 

fKr £ s o l ft L t L t h e dichromatic dye to which only at most one 

fti * Vt^l^ff-r MH *ti L r "< h sheet makes a polarizing plate necessary, and 

-U -a h v f " 7 \ 'AjfftSL r f J l ; J L the type of the PDLC etc. which dispersed the 

ti I) S MA^i&i /> f fVcf 'f ft- 1 ! ';-<(•: liquid crystal into DSM using light scattering, or 

*r Vfffc LfcPDLC ^ f a polymeric support. 

1 ".'liiilj f J JHb "^.v -oi^,f^ 11 can further apply not only a liquid crystal 

: i<W\?h~ 'Ik? W^'Fg dis P' a y but various electro-optical apparatus. 
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[0 0 4 2] 



[0042] 



[ ,/) vij^-l [EFFECT OF THE INVENTION] 

III \'J^ ] H LtzX ? [- MPER- i: As explained above, the electro-optical 

ov{£ Vi /t'y-i^i?! 1 !!, <*!"["] + apparatus by this invention has a minute 

?-^i:h;mm' - -y>;n L^hktu ) " concavity and convexity in the liquid-crystal 

, _ ...... . , T 1 tnr , ^ layer side of a substrate which has said 

* - l<HH ^ t y ^ n< reflection layer in what has a reflection layer in 

H ato WW Mfe k Wtt £ f 3 y 6 the sur f aC e 0 f the liquid-crystal layer side of one 

iji.Oiztoi hridk^Nfe 1 ^ fY substrate of the liquid-crystal cell which clamps 

o V^tti^tfimMM I A:!? 1 ! a liquid-crystal layer between a pair of opposing 
[ n rr fi U ^■ ( - 7, f lJ ]i&^/ , ic ; [fd!- J: substrates, since it was made to have a metal 
tiilS*] - J$ _ L T'-O^I^Ij^^ fi 'if* fi |m as said reflection layer on the concavity- 
's t V:L t" fj'h ,r -tfrftiijtf 'flO convex 'ty surface, the reflection layer which the 

^iV^iifciiifc^&L-cii co " c f vi j y f nd ff con t vexity M,! he s j? e of ; 

n ( ^;m,i , -,,^-.m^ nn n - / substrate also affects a metal-film surface, and 

V^f^ has a mjnute concavjty and CQnvexity jn the 

&W&frfc)&$iri. surface of a liquid-crystal layer side is formed, 

M fcfr il'tfi- rft£L £ ii Xtt^ lights are satisfactorily scattered by the 

A ; W/^i"^ % L7^t. i^)V/>/!"v ' reflection layer, and a display is legible and, 

/t'T^Ii ^r^ -5 I h moreover, can obtain an electro-optical 

£ t apparatus with a large visual angle. 

[0 0 4 3] [0043] 

t /1 ; 1 .t o vi /t'y^ [ft Moreover, with the manufacturing method of the 

i ; " , $ i jii'f7'i^ , 'i /.-itWH^fl-''/^^* electro-optical apparatus by this invention, 

^ thou * a p in , hole etc - a t es in * r , ef '? c tion laye ; 

nnn . lp , r . r . , f . r nn fl t . like said before since the metal film as said 

- X ' 1i reflection layer was formed t0 the concavit v- 

iftjt-.hnLllxWfe i L C^'jiMI convexity surface after forming a minute 

^)\y)kr^ 7 o ,t 0 i- L/c/W:. , nu concavity and convexity to the surface of the 

ridfi : t : c/) I: -) \z]jM)W\-^ ^ liquid-crystal layer side of the substrate which 

— 'i s Sf)Y* 'fc U 3 I .ir/jr < , Vulft forms a reflection layer, the excellent electro- 

^h:^i^HtzYd% *H:'¥*J<\?t J k °P tical apparatus of the light-scattering effect 

V? ^i~^]£~C^ >l> htOVfrZo can be manufactured easily. 

[NlHiiOftfiijt^jftHfl] [BRIEF EXPLANATION OF DRAWINGS] 



[[«! 1 ] [FIGURE 1] 

-^-.feMM j z c t 5» >y; y <\.>t'"r : :i^ffi^ » — Sectional drawing which shows the one 
"li-UiJi ' ; f§*r ^i~l^nfi]T*L embodiment of the electro-optical apparatus by 

this invention. 



02/12/20 



22/31 



(C) DERWENT 



DERWENT 

[m2] [FIGURE 2] 

AtlS^'f^M^, The perspective diagram of a substrate. 

[1:3 3] [FIGURE 3] 

^Mr^^mmi Explanatory drawing of a reflected-light 

distribution. 

[ ft o-^IftW 1 [EXPLANATION OF DRAWING] 

1 if^ijEji?/!' 1 Liquid-crystal cell 

2 •} 2 Three substrate 

\ " .">; as 4 Liquid-crystal layer 

4 " Wi 5 Electrode 



5 mm 



6 Reflection layer (metal film) 



6 imm i&wm 7 SpaceT 

7 .-<•-<— \y 8 Polarizing plate 

8 UMR 

[mi] [FIGURE 1] 
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(a) 



(b) 





(a) 

Incoming light -> metal surface -> observer 
distribution of reflected light 
(mirror surface) 



(b) 



Incoming light -> observer 
distribution of reflected light 
(diffusing surface) 
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mm [ I ] [Filing date] 

9^1 2 ^ 2 2 [I December 22, Heisei 9 

[ f iOT?ili!E 1 ] [Amendment 1] 



[}ftJ tf:'<t^WM^ ] [Document for Amendment] 

HEjji'fli J Specification 

[ffi E <t'£fiJ [1 £ ] [Item to be amended] 

Vm^<»mM Claim 

[*({]£.';'}£] £11 [Method of amendment] Alteration 

[?l iEl'1 i>] [Content of amendment] 

mm^k^mm [claims] 



Uxm 1 ] [CLAIM 1] 

— :<-R» .'.^ In] i ifei M £ ft ffi L A electro-optical apparatus, in which in the 
^^■^Vg <C fc^^ila i^fel electro-optical apparatus which clamps a liquid- 

V, . " ^ , ,,-,-r- * n f i/ Ul i crystal layer between a pair of substrates, it 
— . b <f. > i .id ^ 1 [iu lilies hh /a IM'I ' . ' .. K , .. . ' 

-r- - u.nn n ^ „M'> j — j comes to form a concavity and convexity to the 

n\ta\ 2 \m&t>>frtiLiSi\ ifr surface Qf sajd | iquid . crysta | | ay e r si de of one of 

*> , m,\m\ n \fi>ttmsht:JMA said substrate, it comes to form an organic film 

^ ^ ^ on the substrate to which said concavity and 

ltftifc : #'f%fl£. \\l^rZ^M?f ] W''fit e convexity was formed, and comes to form a 

lit^o - > <r #f ^ <t i" 5 Hxi reflection layer on said organic film. 



[MM^] [CLAIM 2] 

ii u^li'^ll^^^^iftii^Pn^^Hi^^^ A electro-optical apparatus of Claim 1, which 

comes to form a rough surface to the surface of 
said organic film. 

[CLAIM 3] 

A manufacturing method of the electro-optical 
apparatus, in which in the manufacturing 
method of the electro-optical apparatus formed 
by a liquid-crystal layer being clamped between 
a pair of substrates, the process which forms a 
concavity and convexity to the surface of said 



















yiilifcl >"C\ mi .ill— 
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liquid-crystal layer side of one substrate among 
said a pair of substrates, the process which 
forms an organic film on the substrate of said 1 
side which formed said concavity and convexity, 
the process which forms a reflection layer on 
said organic film are provided. 

[Procedural Amendment 2] 



mm # 



[Document for Amendment] 

Specification 



[tffi n £ ] 0 0 0 9 [Item to be amended] 0009 

[fill IE .tiiiz] j£M [Method of amendment] Alteration 

[tflnEl^ J i'f] [Content of amendment] 



[0 0 0 9] 

M ffl <n i fri ! i { i Pn i n ] i) ; ff £ n T 



[«M]iE3] 



[0009] 

That is, the electro-optical apparatus of this 
invention is an electro-optical apparatus which 
clamps a liquid-crystal layer between a pair of 
substrates. 

WHEREIN: Coming to form a concavity and 
convexity to the surface of said liquid-crystal 
layer side of one of said substrate, it comes to 
form an organic film on the substrate to which 
said concavity and convexity was formed, it 
comes to form a reflection layer on said organic 
film. 

It is characterized by the above-mentioned. 
[Amendment 3] 



[Mo]-* tmz] 
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[tf|jj] : -< : t*^lR ^] 00 10 [Item to be amended] 0010 



[Mm-: Viic] 
[MnlUMVf] 



55 'K 



[Method of amendment] Alteration 
[Content of amendment] 
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[0 0 10] 

t m m::. 1 6 'MM. V?- : '.k 
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[0010] 

Moreover, the manufacturing method of the 
electro-optical apparatus by this invention is a 
manufacturing method of the electro-optical 
apparatus formed by a liquid-crystal layer being 
clamped between a pair of substrates. 
WHEREIN: It has the process which forms a 
concavity and convexity to the surface of said 
liquid-crystal layer side of one substrate among 
said a pair of substrates, the process which 
forms an organic film on the substrate of said 1 
side which formed said concavity and convexity, 
and the process which forms a reflection layer 
on said organic film. 

It is characterized by the above-mentioned. 
[Amendment 4] 
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[0011] 



[EFFECT] 

As for the electro-optical apparatus by this 
invention, a concavity and convexity is formed 
to the surface of the liquid-crystal layer side of 
one substrate of a pair of substrates as 
mentioned above, an organic film is formed on 
the substrate to which the concavity and 
convexity was formed, and it comes to form a 
reflection layer on the organic film. 
Therefore, lights are satisfactorily scattered by 
the reflection layer, and a display is legible and, 
moreover, can provide an electro-optical 
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t "T#b bt£o 0 apparatus with a large visual angle. 

[ T-^ttfi iH 5 ] [Amendment 5] 

[tflj iE <] %\&t^ ] [Document for Amendment] 

Specification 

[tf|jiE<t^ll%] 00 12 [Item to be amended] 0012 
[tfliiE ^rfO ^li [Method of amendment] Alteration 

[tfli.iEf'iYf ] [Content of amendment] 



[0 0 12] [0012] 

S/c, ."fc-^Wj;! J: ^M%^t : '!M Moreover, the manufacturing method of the 

pf ^Wih Vri!± % — ^cD^-^oO electro-optical apparatus by this invention has 

- + 7- n ir jrp Vvd; r ja/mi t> f r: the process which forms a concavity and 
^ ^ # . 7 u — convexity to the surface of the liquid-crystal 

n r ^ ^ : -l 1/ ir' J la y er sicle of one substrate among a pair of 

BO i n \ £ Jf;j Ac L /i riu ,fd— Mo. > ,515 substrates, the process which forms an organic 

N^ fiW^^bicl'^TiT: > , fj| m on the substrate of said 1 side which formed 

nu idl-UWi^ K : i frl" Jjf % 7f; -Jj£"t~ the concavity and convexity, and the process 

oil, ■h£ fn^<5^i:\ jxfrf which forms a reflection layer on said organic 

■*~>i<'$tf±£Z) I i film. 

^ffrStyj^-^fgti/t^'^ Therefore, the excellent electro-optical 

^^[g}-A-^ %izM^'f'^> " u apparatus of the light-scattering effect can be 

jVtf^tf*-' *^' 35 - - manufactured easily, without a pinhole etc. 

j> n J Ht _ u o c arising in a reflection layer. 



[ -T-^ctfiil: 6 ] [Amendment 6] 

[tflf E ^ i5" 6 ] [Document for Amendment] 

Pfj#[i|3f Specification 

[ till Fl £ 1 0 0 4 2 [Item to be amended] 0042 

[tflj 'Jfik] :£}H [Method of amendment] Alteration 

[tflj Vr] [Content of amendment] 
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[ $}!¥:] [EFFECT OF THE INVENTION] 

W h^^l l f~£ p {z^i^lz. J; As explained above, as for the electro-optical 

Z'&^K'j^mn, -Xt?>}&fj apparatus by this invention, a concavity and 

t - 4. h r trlr tv/>- n \&>iu\\ convexity is formed to the surface of the liquid- 

n yrir- -fr * -' z- >nn cr y stal la y er Slde °* one substrate of a pair of 

M u ~ r |M t ^ ,rL ' 7° i substrates, an organic film is formed on the 

[^r/hJ^tt/c ^ l\^umm substrate to which the concavity and convexity 

ti'*ff-)ti ■■? B.o-r '/'•frW'VJ:: was formed, and it comes to form a reflection 

i - 6c fci //> f& £ £i "T A: £ (7;> layer on the organic film. 

v .^ffiffl </ 3 [U] [ f .b ( i Jjcflt M /': ifii Therefore, the reflection layer which the 

i : i I T <fc hh l'l ffl'l ^ ' [Hi HP!] concavity and convexity by the side of a 

[ n i^ ; f]"i"^JxWi7!/ : Wr^ic^^L substrate also affects a reflection-layer surface, 

^>jv$^ and has a concavit y and convexit y in the 

' '.. > surface of a liquid-crystal layer side is formed, 

a "pi' 1 ? N g hts are satisfactorily scattered by the 

fijTXLM ^fti:^ )t'7-^lfr4r'f° o I reflection layer, and a display is legible, and an 

<5 C . electro-optical apparatus with a large visual 

angle can be obtained. 

[ T A- 7 ] [Amendment 7] 

[tiliil: <\%\ tttil ft ] [Document for Amendment] 

Hfj^m Specification 

[irtriH <j^?t n & ] 0 0 A IJ [Item to be amended] 0043 

[$iA : Jj&;] [Method of amendment] Alteration 

[f#.iHlM'ft] [Content of amendment] 



[0 0 4 3] [0043] 

,fc o Tt <i ti^i^ Moreover, the manufacturing method of the 
cr>ffiij?i : -£ — x ; t(/"»'V'-K^ ) electro-optical apparatus by this invention has 
-V^)^U^^^^'^':fn;: the Process which forms a concavity and 

convexity to the surface of the liquid-crystal 

layer side of one substrate among a pair of 
substrates, the process which forms an organic 
film on the substrate of said 1 side which formed 
the concavity and convexity, and the process 
which forms a reflection layer on said organic 
film, without a pinhole etc. arises in a reflection 
layer like above-mentioned before by those 
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%%tllty^AWfitzWA processes, the excellent electro-optical 
yt^J&W%''&%\^W&ir&Z-b apparatus of the light-scattering effect can be 
mmLi%^^&~%o manufactured easily. 
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